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Constraints on warm power-law inflation in light of
Planck 2013 and 2015 results
Zahra Ghadiria1 • Ali Aghamohammadia2∗ •
Abdollah Refaeia 3 • Haidar Sheikhahmadib,c 4
Abstract The constraints on a general form for power-
law potential in the framework of warm single field in-
flation by means of Planck 2013 and 2015 will be inves-
tigated. By considering much less dynamic universe,
quasi-static evolutions, and also the well-known slow-
roll conditions the regions which a binary of our free pa-
rameters are in good agreement with Planck results will
be obtained. The advantage of this likelihood method
is that instead of a set of free parameters we can vi-
sualize a region of free parameters that can satisfy the
precision limits on theoretical results. On the other
side, when we consider the preformed quantity for the
amplitude of scalar perturbations the conflict between
obtained results for free parameters in different steps
dramatically decreased. As done in flagship literature,
based on the friction of the environment, we can di-
vide the primordial universe into two different epochs
namely weak and strong dissipative regimes. For the
aforementioned eras, the free parameters of the model
will be constrained and the best regions will be ob-
tained. To do so the main inflationary observables such
as tensor-to-scalar ratio, power-spectra of density per-
turbations and gravitational waves, scalar and tensor
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spectral indices, running spectral index and the number
of e-folds in both weak and strong regimes will be ob-
tained. Ultimately, it can be visualized this model can
make concord between theoretical results and data orig-
inated from cosmic microwave background and Planck
2013 and 2015.
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Keywords Warm power-law inflation, Weak and strong
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1 Introduction
In this work by virtue of Planck results (Ade et al.
2014a,b,c, 2016) a general power-law potential in the
framework of warm inflation will be studied.
After four decades of introducing, inflation now can
be considered as the most acceptable paradigm to ex-
plain the evolution of early Universe (Starobinsky. 1980;
Guth 1981; Linde 1982; Linde 1983; Linde 1986a,b;
Albrecht & Steinhardt 1982). The main triumph of this
theory goes back to cope with three well-known prob-
lems of the standard big bang theory namely the hori-
zon, flatness and monopoles problems ( Liddle & Lyth
2000; Bassett et al. 2006; Lemoine et al. 2008; Kinney
2009; Baumann. 2009; Baumann & McAllister 2014).
Even better, inflation theory provides a mechanism
to explain structure formation and the source of the
observed anisotropies in the Cosmic Microwave Back-
ground (CMB) radiation (Larson 2011; Bennett et al.
2011; Jarosik 2011). Besides, this scenario can estimate
a correct result for the amplitude of primordial pertur-
bations compared to observations ( Bassett et al. 2006;
Liddle 1999; Langlois 2004; Lyth 1997; Lyth & Riotto
1999; Guth 2000; Lidsey et al. 1997; Mukhanov et al.
1992; Sheikhahmadi et al. 2015; Sheikhahmadi et al.
22016; Sheikhahmadi 2018). Many various inflation-
ary models have been investigated in (Brandenberger
1999; Liddle & Lyth 2000), that could be divided
into two parts well-known as super cold and warm
inflationary proposals. In the warm inflation sce-
nario ( Taylor et al. 2000; De Oliveira et al. 2001;
De Oliveira 2002; Hall et al. 2004; Bastero-Gil & Berera
2005; Cid 2015), during the initial rapid expansion
of the Universe the continuous radiation production,
based on thermal perturbations, was happened and
so the interaction between radiation and other com-
ponents of the extra hot primordial soup can be vi-
sualized ( De Oliveira et al. 2001; De Oliveira 2002).
One important result from such interactions is that
the energy density evolutions can be considered almost
constant ( Taylor et al. 2000). Thanks to such evo-
lutions the inflationary phase smoothly entered into
radiation epoch, without any need to a reheating phase
which is a critical part of super cold inflation models.
In other word, the warm inflation remedy to get rid
of the graceful exit problem, which super cold infla-
tion was faced, could be considered as an advantage,
for more details see ( De Oliveira 2002; Antonella Cid.
2007; Berera 1995, 1996, 1997, 2000; Rasouli et al.
2019; Akhtari et al. 2017). One way to show the in-
teraction between different components of the primor-
dial thermal bath, i.e. inflationary era, is invoking to
the dissipation effect as a rule of the flow of energy
between them (Fang 1985). Consequently, such inter-
actions cause to a high friction environment and the
friction term, Γφ˙2 will be appeared in the conservation
equations of scalar field and radiation, for a precision
study one can see (Moss 1985). As a supplementary
discussion, a principal condition in order to happen
the warm inflation is the radiation temperature should
satisfy condition T > H , where T and H are temper-
ature and well-known Hubble parameter respectively
(Herrera et al. 2015). In Refs. (Berera 1995, 1996,
1997, 2000), it was noticed that the quantum fluctu-
ation and thermal perturbations could be dependent
upon the parameters T and H respectively. According
to the condition T > H , the thermal fluctuations play
a crucial role in producing the primary density pertur-
bations, as a seeds for large-scale structure formation.
In this case, the thermal fluctuations totally dominated
compared to the quantum portion in primordial fluctu-
ations (Berera 1996, 1997, 2000; Berera et al. 2009).
On the other hand, in 1983, A. Linde has introduced a
new proposal for inflation based on the chaotic scalar
field namely chaotic inflation ( Linde 1983). In this
theory he put the power law potential forward, as same
as quantum field theory, and it plays the role of the cor-
ner stone of his theory. Hence the power law potentials
have been attracted a lot of interests; these models are
interesting for their simplicity and compatibility with
observations. But the answer of this simple query that
which exponents are able to run warm inflation in a
better way compared to Planck results is remaining
ambiguous. (Lyth 1997). Therefore our main motiva-
tion to start this study was finding the answers of the
aforementioned question. Technically, for both regimes
we will calculate the regions which give the best esti-
mated values for free parameters of our model. After
that, we will examine the accuracy of our estimations
for some pares of best fitted parameters compared to
our criterion, Planck 2013 and 2015 constraints on in-
flationary data (Ade et al. 2014a,b,c, 2016).
This paper is organized as follows: In Sec. 2, the
main dynamical equations of warm inflation will be ex-
pressed and so the inflationary parameters will be eval-
uated. In addition, Sec. 2 will be devoted to study on
the power-law potentials in a weak dissipative regime
and the region which contains the best fitted free pa-
rameters of the model will be appeared . Sec. 4 will be
dedicated to investigate the behaviour of power-law po-
tentials in the strong dissipative regimes. As same as
the weak regime case the parameters which can derive
warm inflation compared to the Planck results will be
estimated. Ultimately, Sec. 5 is devoted to conclusion
and discussions about.
2 General framwork
There is a spatially flat Friedmann-Limatre-Robertson-
Walker (FLRW) space time with signature −2. We as-
sume that the Universe consists of two different sources,
in which one of them can be a self-interacting scalar
field φ and the remnant components all in all are consid-
ered as perfect fluid. The energy density and pressure of
such scalar field are expressed as follows:, respectively,
ρφ =
φ˙2
2
+ V (φ) ,
and
Pφ =
φ˙2
2
− V (φ) .
The energy density of the aforementioned perfect fluid,
i.e. almost radiation, is presented as ρr. Also the first
Friedmann equation could be expressed as follows:
H2 =
1
3M2p
(ρφ + ρr) , (1)
where M2p =
1
8πG is the well-known reduced Planck
mass and is of order of 1018GeV . The evolution
3equation of scalar field in warm inflation can be ex-
pressed as (Berera 1996, 1997, 2000; Berera et al. 2009;
Sayar et al. 2017)
φ¨+ 3H(1 +Q)φ˙+ V ′ = 0 , (2)
where the parameter Q ≡ Γ/3H is introduced as an
anomalous dissipation function, should be determined,
and Γ is the dissipation coefficient, usually can be in-
troduce as an ansatz. The conservation equations of ρφ
and ρr are described by the following equations (Berera
1995; Berera et al. 2009)
ρ˙φ + 3H(ρφ + Pφ) = −Γφ˙2 , (3)
and
ρ˙r + 4Hρr = Γφ˙
2 , (4)
where the dissipation coefficient Γ > 0. From above
equations it is understood that the flow of energy is
from scalar field to the radiation. We consider an ansatz
for dissipation coefficient Γ(T, φ) as
Γ(T, φ) = aT nφ1−n, (5)
here T is the temperature of the fluid and for the certain
reasons the dissipation coefficient can be introduced as
a function of temperature and scalar field (Zhang 2009;
Bastero-Gil et al. 2011; Bastero-Gil et al. 2013, 2014;
Berera 1995). During warm inflation, the energy den-
sity of scalar field is dominant compared to the radia-
tion one i.e. ρφ ≫ ρr (Berera 1995, 1996, 1997, 2000).
In other word, the expansion rate is smaller than the ra-
diation energy density, i.e. ρ
1/4
r > H or T > H , which is
a critical requirement of happening the warm inflation.
Besides, if we consider the notion of the slow roll condi-
tions, it is assumed that during inflation the radiation
production becomes quasi-stable i.e. ρ˙r ≪ 4Hρr,Γφ˙2
(Berera 1995, 1996, 2000) and according to (2) one con-
cluds φ¨≪ 3H(1 +Q)φ˙. Thence, the equations (2) and
(4) can be approximated as
ρr = αT
4 ≃ Γ φ˙
2
4H
, (6)
3H (1 +Q)φ˙ ≃ −V,φ . (7)
where α = π2g⋆/30 is the Stefen-Boltzman constant,
and g⋆ is the number of degrees of freedom of the ra-
diation field. The necessity condition to occur inflation
and its persist is that the slow-roll parameters in terms
of potential should appear as
ǫ =
M2p
2
(
V,φ
V
)2
, η =M2p
(
V,φφ
V
)
, (8)
where the slow-roll conditions for warm inflation must
satisfy the following conditions (Berera 2000; Moss & Xiong
2006; Panotopoulos & Videlay 2015)
ǫ≪ 1 +Q, η ≪ 1 +Q. (9)
Based on the definitions of slow-roll parameters when-
ever one of these parameters becomes equal to 1 + Q
the inflation process is terminated. Now we can turn
our attention to another important parameter to inves-
tigate inflation evolutions namely the number of e-fold.
This parameter played an important role in solving the
horizon problem and is defined as
N = −
∫ φ
φend
H
φ˙
dφ. (10)
Additionally, to estimate best values for the free param-
eters of the model we have to obtain the amplitude of
scalar and tensor perturbations, tensor-to-scalar spec-
trum ratio, the scalar spectral index and running pa-
rameter which are expressed respectively as follows:
Ps =
25
4
H2
φ˙2
δφ2 , (11)
Pt = 2H
2
π2Mp
2 , (12)
r ≡ PtPs
, (13)
ns − 1 ≡ d lnPs
d ln k
, (14)
and
αs =
dns
d ln k
. (15)
From the above equations and slow roll conditions it
ends up that at sound horizon exit , i.e. aH = csk, one
can obtain (Unnikrishnan& Sahni 2013)
d
dlnk
≃ − d
dN
, (16)
in above relation, cause of slow roll notion, the param-
eters H and sound speed cs are considered as constant.
3 Consistency Of Power-Law Potential In
Weak dissipative Regime
In this section, the calculations will be divided into two
different sections namely the weak and strong dissipa-
tion regimes, i.e. Q ≪ 1 and Q ≫ 1 respectively.
4Because of the importance of power-law potentials in
deriving inflation we are going to consider a general
form of the power-law potentials and investigate the
behaviour of such potentials in the framework of warm
inflation scenario. In short, for the weak dissipation
regime we shall see that the parameter that governs
the process of inflation is the Hubble one. But in the
strong regime, the situation cause of high friction ambi-
ent, is completely different and the evolution of inflation
is operated by the dissipation coefficient Γ. The impact
of different types of dissipation coefficients were inves-
tigated extensively in the literature and we refer the
reader to (Bastero-Gil et al. 2013, 2014; Herrera et al.
2015). For both regimes we interested in finding the
best fitted free parameters of the model especially for
the exponents of potential and dissipation coefficient.
Given that in this section our model evaluated based on
the weak dissipation regime in which Q ≪ 1. Hence,
by introducing the potential as
V (φ) = V0 φ
k , (17)
under slow-roll approximations, the Eqs. (1) and (2)
take the following form
H2 =
1
3M2p
V (φ) , (18)
and
3Hφ˙+ V,φ = 0 , (19)
where subscript (, φ) stands for derivative with respect
to φ. In Eq.(6) the temperature of the radiation ac-
cording to the Eqs. (5) and (17) obtained as
T = γφ
2−k+2n
2(−4+n) , (20)
where γ = (
ak2Mp
3√V0
36α )
1
4−n . In addition, the first slow-
roll parameter (8) for this regime reduces to
ǫ =
k2Mp
2
2φ2
. (21)
Generally, the inflation period terminates when ǫ = 1,
where using Eq.(21) one achieves φend =
kMp√
2
. Besides,
from Eq.(10) the value of scalar field at the time exit
of the horizon is given by the following equation
φ =
√
2kMp
2N + φend
2 . (22)
In what following, we want to calculate the perturba-
tion parameters based on our model and then compare
them with observational data. To do so we consider
Eq.(11) in which for weak regime gives δφ2 ≃ HT .
Whereas the fluctuations in the inflation are created by
the thermal fluctuations instead of the quantum fluctu-
ations, (Herrera et al. 2015), accordingly the amplitude
of scalar perturbation becomes
Ps = 25γ
4k2Mp
5 (
k2Mp
2
2
+ 2kMp
2N)
14+5k−nk−6n
4(4−n)
√
V0
3
.
(23)
From Eq.(23) and definition of γ we can express
a(n, k,N) as follows:
a(n, k,N) = (
√
3
V0
4k2Mp
5
25γ∗
)4−n (24)
× (k
2Mp
2 + 4kMp
2N
2
)
(14+5k−nk−6n)
−4 P4−ns .
Here γ∗ = (k
2Mp
3√V0
36α )
1
4−n is introduced for more con-
venience in writing the equations and we shall consider
the observational amount for the amplitude of scalar
perturbation as 2.17 × 10−9. Sometimes although the
free parameters satisfy the observational constraints on
quantity the scalar spectral index, it could not con-
cluded that they can make a concord between obser-
vations and theoretical results for Ps. So it is better
we examine the accuracy of the free parameters of the
model based on Planck results as our criterion. For
instance here we can introduce our free parameters of
the model as n, k, N and other parameters can be
estimated based on the behaviour of these parameters
as well. To do so, at first, from Eqs.(14) and (15) the
scalar spectral index and its running could be achieved
as
ns(n, k,N) =
14 + k − 6n− 16N + 4nN
(−4 + n)(k + 4N) . (25)
and
αs(n, k,N) = −4(−14 + k(−5 + n) + 6n)
(−4 + n)(k + 4N)2
. (26)
Also from Eq.(12), the tensor power spectrum in terms
of the number of e-fold is obtained as
Pt =
2(
k2Mp
2
2 + 2kMp
2N)
k/2
V0
3Mp
4π2
. (27)
Additionally, from Eq. (13), the tensor to scalar ratio
is obtained as
r(n, k,N) =
√
V0
3
× (
k2Mp
2+4kMp
2N
2 )
3k+6n−kn−14
2(8−2n)
25(8k2Mp)−1π2γ∗
a
1
n−4 .(28)
5Now to make the constraints on free parameters of
the model, we need to compare them with observa-
tional data originated from Planck 2013 and 2015 data
(Ade et al. 2014a,b, 2016). For this propose, we plot
the free parameters n−k diagram by virtue of Eqs.(28)
and (25) for the Confidence Levels (CLs) 68% and 95%
CL allowed by Planck 2015, TT, TE, EE+lowP data
(Ade et al. 2016). This figure 1 shows the regions in
which the pairs of free parameters, they can make a set
of n, k, satisfy the constraints originated from Planck
data.
Fig. 1 This figure shows a set of (n, k) binary that can give
the best fitted values based on the (r−ns) diagram originated
from Planck 2015 observational area. Here the dark blue
color shows the results for 68% CL of Planck 2015 data,
and the light red color shows those that put the result in
95% CL. To plot this diagram we used V0 = 2.7 × 10
−25,
and Mp = 1.
Now by means of an arbitrary set of the aforemen-
tioned pairs we can re-plot the r−ns diagram as one of
the most important instruments to test the accuracy of
a theoretical model. So the figure 2 shows the diagram
r − ns based on different types of data mentioned in
the caption. Figure 2 indicates that our results are in
a good agreement compared to the observations.
Fig. 2 The r − ns diagram shows Prediction of the model
in the weak regime for free parameters α = 70, k = 6,
n = 2, V0 = 2.7 × 10
−25, Mp = 1 and Ne = 65, in com-
parison to the observational data risen by Planck 2013, and
2015. The likelihood of Planck 2013 are indicated with grey
contours, Planck TT+lowP with red contours, and Planck
TT,TE,EE+lowP with blue contours. here the thick black
line indicates the predictions of our results in which small
and large circles are the values of ns at the number of e-fold
N = 55, N = 65 respectively.
The latest observational data suggest that the am-
plitude of scalar perturbation at the horizon crossing
is very close to quantity ps = 2.17 × 10−9, and the
tensor-to-scalar ratio has an upper limit as r < 0.11 at
68% (Ade et al. 2016). In what following, by means
of Eqs.(26) and (25) we want to plot the running pa-
rameter, dns/dN − ns, diagram and then compare the
obtained results with the observations originated from
Planck data. Figure 3 which indicates the prediction
of this model can lie insides the joint 68% CL region of
Planck 2015 TT, TE, EE+lowP data (Ade et al. 2016),
and so could satisfy the compatibility with observa-
tions.
4 Consistency Of Power-Law Potential In
strong dissipative Regime
Here we want to continue our calculations but for strong
dissipation regimes namely Q ≫ 1. Obviously by con-
sidering Eqs. (1), (7), (17) and slow-roll approximation,
the Friedman and evolution scalar field equations take
the following form respectively,
H2 =
1
3M2p
V (φ) , (29)
and
3HQφ˙+ V,φ = 0 . (30)
6Fig. 3 In this figure the thick black line depicts the predic-
tions of our model in which small and large circles are the
value of ns at the number of e-fold N = 55, N = 65 respec-
tively. To plot this shape we use the free parameters k = 6,
n = 2, V0 = 2.7× 10
−25, Mp = 1, Ne = 65 and α = 70. In
this figure the grey contours indicates the likelihood of Planck
2013, Planck TT+lowP showed with red contours and the
blue contours considered for Planck TT,TE,EE+lowP.
Using the Eqs. (5), (6), (30) and by virtue of the above
inflationary potential, i.e. (17), the temperature could
be obtained as follows:
T = γ¯φ
−3+ 3k
2
+n
4+n , (31)
where
γ¯ = (
k2Mp
√
V 30
2520α
)
1
4+n a
−1
4+n = γ∗a
−1
4+n .
Now, by virtue of the above equations the first slow-roll
parameter and dissipation term Q are obtained respec-
tively as bellow:
ǫ = (
kMP√
2φ
)2 , (32)
and
Q =
MPaγ¯
n
√
3V0
φ
4−6n−2k+kn
4+n . (33)
For the strong regime usually inflation ends up when
ǫ ≈ Q, where using Eq.(33) the scalar field related to
such high friction eras is obtained as
φend = (
2aγ¯n
Mpk2
√
3V0
)−
4+n
12−2k−4n+kn . (34)
Additionally, from Eq.(10) the value of the scalar field
based on the horizon line crossing for perturbations is
given by
φ = (kMP
√
3V0γ¯
(−n)a−1[(2 + λ)N +
k
2
])
1
2+λ , (35)
where λ = 4−6n−2k+kn4+n . In this regime, similar to the
weak case, to specify scalar power spectrum we consider
the Eq.(11) but here δφ2 ≃ kFT/2π2 where kF =
√
ΓH
and it can be appeared as follows (Herrera et al. 2015;
Sayar et al. 2017):
Ps = 25
32 π2
(
4 Γ3 V 3/2
α1/333/2MP
3 V ′2
) 3
4
. (36)
Now by substituting Eqs.(5, 31) and (35) into Eq.(36)
one obtains
Ps =
25
(
(γ∗)3n
k2M3
P
√
V0α
1/3
) 3
4
31/824π2
√
2
×([√
3kMP
√
V0 γ∗
(−n) (
N (2 + λ) + k2
)] 12+λ) 3β4
a3ψ
(37)
where β = −2k+8+4kn−3n4+n and
ψ =
−4k − kn+ 15n+ 24
(−4 + k)n2 + 2kn− 8k + 4n+ 48 .
To make a better concord between observational data
and theoretical results of our investigation we can follow
the approach which have done in weak regime. Thence,
if we want to precisely consider the Planck result for Ps,
the parameter a based on Ps and the free parameters
of the model can be achieved as
a(n, k,N) =

 31/824π2√2
25
(
(γ∗)
3n
k2M3
P
√
V0α
1/3
) 3
4


1
3ψ
×
([√
3kMP
√
V0γ∗
(−n) (
N (2 + λ) + k2
)] −3β8+4λ) 13ψPs 13ψ .
Besides, from Eqs.(14) and (15) the scalar spectral in-
dex and its running can be obtained as
ns(n, k,N) =
1 + −24+k(6−12n)+9n2(−8(−3+n)N+k(4+n−4N+2nN)) , (38)
and
αs(n, k,N) =
− 3(−4(−3+n)+k(−2+n))(8−3n+k(−2+4n))
(−8(−3+n)N+k(4+n−4N+2nN))2 .
(39)
From Eqs.(12) and (35), the tensor power spectrum in
terms of the number of e-fold gives
Pt(n, k,N) = 2V03π2M4P ×(√
3kMP
√
V0 γ∗
(−n)(N(2+λ)+ k2 )
a
4
n+4
) k
2+λ
,
(40)
7in addition, from Eqs. (13, 40) and (37), the tensor to
scalar ratio for strong regime is expressed as follows:
r(n, k,N) = 16
√
2×31/8V0
25M4P
(
γ∗
(3n)
k2M3
P
√
V0α
1/3
)3/4 a(
−4k
(n+4)(2+λ)
−3ψ)×
(√
3kMP
√
V0 γ∗
(−n) (
N (2 + λ) + k2
)) 4k−3β8+4λ
.
(41)
Now we should evaluate consistency of our model with
observations originated from Planck 2013 and 2015 data
(Ade et al. 2014a,b, 2016). Similar to the weak case,
we can plot the regions in which a pair of our free pa-
rameters (n, k) could satisfy the best concord between
theory and observations for r−ns parameters. Such re-
sults can be found in figure 4, in which to fix our results
we use the values V0 = 5.0 × 10−20, and Mp = 1. Af-
ter that by means of Eqs.(38) and (41) we can consider
an arbitrary pair of free parameters as (n = 4, k = 1)
to investigate the results based on usual r − ns dia-
gram. The investigation resulted in figure 5 and one
can observe that our best fitted parameters are in a
good agreement compared to Planck results (Ade et al.
2016). Additionally, to investigate the behaviour of the
running parameter we can use Eq.(39), and likelihood
diagram from Planck results to compare our model, see
figure 6.
Interestingly, our investigation confirms that al-
though one of the best power law potentials to run
the inflation is the quartic ones, another powers could
be considered as long as we choose the best fitted pa-
rameters in a true way. So we can confirm that for both
regimes the power law potentials in the framework of
warm inflation are in good agreement compared to the
planck results.
5 Conclusions
By introducing a general form for the power-law poten-
tials in the frame work of warm inflationary scenario the
constraints originated from Planck 2013 and 2015 have
been studied. This study was separated into two well-
know regimes, based on the friction of the primordial
soup, namely weak and strong regimes. Besides, for a
quasi-static universe the slow-roll constraints have been
considered. After these simplification approaches, at
first the different inflationary parameters such as power
spectrum of scalar and tensor perturbations, scalar and
tensor spectral indices, running of them and tensor-to-
scalar ratio, in both weak and strong regimes have been
calculated. To visualize how the aforementioned pa-
rameters can satisfy a concord between theoretical and
Fig. 4 This plot shows a set of (n, k) pair that can give the
best fitted values based on the (r − ns) diagram originated
from Planck 2015 observational data. Here the dark blue
color shows the results for 68% CLs of Planck 2015 data,
and the light red color shows those that put the result in 95%
CLs. To plot this diagram we considered V0 = 5.0 × 10
−20,
and Mp = 1.
observations we consider an approach in which a region
of free parameters can do that, instead of just one set of
the free parameters. In other word, by virtue of r − ns
diagram, for both regimes, and fixing one of the free pa-
rameters the likelihood of free parameters (n, k) have
been plotted. The results have been appeared in fig-
ures 1 and 4 for weak and strong regimes respectively.
In these figures two important CLs namely 68% and
95% for more clearance have been distorted by means
of blue and red in colors. So we found the best fitted
regions of free parameters that could make a good esti-
mations for the theory. To examine our estimations an
arbitrary pair of free parameters for both regimes have
been illustrated. At first, and to avoid any confusions
let us turn on to the weak regime investigations. For
this regime the pair (n = 2, k = 6) with V0 = 2.7×10−25
have been selected. Based on this selection, the di-
agram n − rs and its running based on Planck data
and our results have been plotted, see figures 2 and 3.
These figures have been shown that our approach and
also our results are in a good consistency compared to
the observations originated from Planck 2013 and 2015
data sets. Although, for weak regime we considered the
power of the potential as k = 6, as it could be observed
for the quadratic or quartic powers there are no any
failures. For the coefficient V0 and other constants of
the model our results can be justified compared to lit-
erature. We should add here, we can consider different
values for the potential coefficient and so the regions
in figures 1 and 4 showed a little bit changes, so we
avoided the re-plotting for them. Now we can turn our
attention to the strong regime. In this regime because
8Fig. 5 The r − ns diagram shows Prediction of our theo-
retical results in strong regime for free parameters α = 70,
k = 1, n = 4 and V0 = 5 × 10
−20, Mp = 1 and Ne = 65,
compared to the observational results originated from Planck
2013, and 2015. Where the likelihood of Planck 2013 are
showed with grey contours, Planck TT+lowP with red con-
tours, and Planck TT,TE,EE+lowP with blue contours.
Here the thick black line indicate the predictions of our re-
sults in which small and large circles are the value of ns at
the number of e-fold N = 55, N = 65 respectively.
of the presence of the parameter Q, the situation is
completely different and also maybe a little bit diffi-
cult comparing with weak case. For strong dissipation
regime, the arbitrary pair of free parameters has been
considered as (n = 1, k = 4) with V0 = 5.0×10−20. For
this regime our freedom in selection of free parameter is
much less than weak case, because of the smaller region
for best fitted free parameters. Again, the accuracy of
the obtained pairs for free parameters can be examined
by means of the criterions risen from Planck results.
We did it by plotting the n − rs and its running and
fortunately our results have been in a good agreement
compared to the observations, Planck data. Our claims
can be justified by looking at figures 5 and 6 for more
investigations. We can continue this study about the
relation between scalar field obtained here and also the
scalar field obtained conformally to see the effects of
amplitude of gravitational waves on the behaviour of
inflationary observables, might in a new project.
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